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Klamath Basin Area Office
Klamath Project Revised Water Management Procedure
Variable Base Flow Procedure

Introduction

Reclamation has developed the Variable Base Flow (VBF) procedure for the operations of the
Klamath Project (Project) in order to comply with the requirements of the 2010 National Marine
Fisheries Service (NMFS) biological opinion (BO), reasonable and prudent alternative (RPA),
and Incidental Take Statement and associated Terms and Conditions. The VBF procedure was
developed based on these objectives: (1) provide more certainty in obtaining minimum Upper
Klamath Lake (UKL) elevations, as outline in Table 2-1 of the 2008 U.S. Fish and Wildlife
Service (Service) BO (i.e. targeting UKL elevations for the end of September that will be greater
than 4138 feet in most years, etc.); and (2) meet the needs of coho salmon through flows outlined
in Table 18 of the 2010 NMFS BO and RPA. The following sections describe the elements of
the VBF procedure in more detail.

Variable Base Flow Modeling Procedure: March through September Time Period

For the March through September time period, an initial flow will be determined for each month
based on the most current 70% exceedence forecast through September. Table 1 relates forecasts
from percent of average to flows in cubic-feet-per-second (cfs). These initial base flows for
March through September will range between the 95% and 40% exceedence values from Table
18 in the 2010 NMFS RPA with the exception of June. In June the initial base flow will range
between the 95% and 30% exceedence flows from Table 18 in the 2010 NMFS RPA.
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Table 1: Forecast and VBF Table to Determine Base Flows in Each Time Step
Current Apr
- Sept 70% Current
Exceedence 70%
Forecast in Exceedence
March March| | Marchll Forecast Aprill | Aprilll | Mayl | Mayll | Junel | Junell | Julyl | Julyll | August | September
(% Average) (cfs) (cfs) (% Average) | (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs)
0% 1275 1275 0% 1325 1325 1175 1175 1025 1025 805 805 942 1000
31% 1275 1275 28% 1325 1325 1175 1175 1025 1025 805 805 942 1000
38% 1333 1333 37% 1383 1383 1255 1255 1099 1099 838 838 947 1000
42% 1392 1392 41% 1442 1442 1335 1335 1173 1173 872 872 952 1000
51% 1450 1450 46% 1500 1500 1415 1415 1246 1246 905 905 957 1000
60% 1567 1567 61% 1500 1500 1509 1509 1320 1320 925 925 964 1003
64% 1683 1683 63% | 1500 1500 | 1603 1603 1379 1379 945 945 971 1006
68% 1905 1905 66% 1500 1500 1670 1670 1439 1439 973 973 984 1012
71% 2128 2128 71% 1500 1500 1736 1736 1498 1498 1001 1001 997 1018
79% 2350 2350 76% 1500 1500 1803 1803 1522 1522 1029 1029 1010 1024
86% 2510 2510 79% 1745 1745 1865 1865 1546 1546 1034 1034 1013 1029
87% 2670 2670 86% | 1989 1989 | 1928 1928 1570 1570 | 1040 | 1040 1017 1034
92% 2830 2830 92% | 2234 2234 1990 1990 1594 1594 1045 1045 1021 1038
96% 2990 2990 93% | 2478 2478 | 2053 2053 1616 1616 | 1051 | 1051 1024 1043
101% 3150 3150 103% | 2723 2723 2115 2115 1638 1638 1056 1056 1028 1048
108% 3164 3164 106% | 2877 2877 | 2379 2379 1660 1660 1063 1063 1032 1054
113% 3177 3177 124% | 3030 3030 | 2642 2642 1682 1682 1070 1070 1035 1060
117% 3346 3346 130% | 3182 3182 2748 2748 1702 1702 1074 1074 1037 1064
128% 3516 3516 139% | 3333 3333 | 2854 2854 1723 1723 | 1078 | 1078 1039 1067
140% 3685 3685 150% | 3485 3485 2960 2960 1743 1743 1082 1082 1041 1071
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As hydrological input into UKL occurs each month, additional releases may be made when UKL
elevations are above identified Threshold Elevations. The Threshold Elevations for UKL were
developed through an iterative process in order to approximate the 2010 NMFS RPA Table 18
flows, while maintaining the 2008 Service BO minimums for UKL more often. The threshold
elevations are shown below in Table 2. Above these elevations, flows will be released to mimic
the natural inflow pattern into UKL.

Table 2: Threshold Elevations for UKL

Threshold

. . Elevations
Time Period for UKL
(in feet)
October 4141.7
November 4141.7
December 4142.0
January 4142.3
February 4142.6
March | 4142.6
March Il 4142.9
April | 4143.0
April 1 4142.9
May | 4142.6
May Il 4142.4
June | 4142.5
June Il 4142.5
July | 4141.8
July Il 4141.8

August |

August Il 41410
September 4141.0

In periods when Threshold Releases are being made during March, April and May, a maximum
flow release will be determined. Threshold Releases will not be increased above the maximum
unless required for flood control. Therefore, the elevation of UKL will increase above the
threshold elevations shown above if the flows at IGD are at the maximum flow. Maximum
flows will be determined based on the current percent of average forecast shown in Table 3.

For example, if the May-September 70% exceedance inflow forecast is 124% of average, the
maximum flow for May would be 3,480 cfs. If flows in May began to exceed this number while
the lake was below the flood control limit of 4143.1 ft, then flows would be limited to 3,480 cfs
in order fill UKL. Once flows dropped below the maximum flow, the operations would return to
normal as described above. If the forecast falls between two forecasts on Table 3, the maximum
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value will be interpolated. For example, if the March forecast was 115% of average, then the
maximum would be 4,075 cfs.

Table 3: Forecast and Maximum Flows for March through May

March April May
Current 70%
Exceedence Forecast| Max Flow (cfs) | Max Flow (cfs) | Max Flow (cfs)
2103% 3940 3930 3225
106% 3990 4065 3390
124% 4160 4230 3480
130% 4285 4425 3615
139% 4355 4585 3710
150+% 4460 4790 3845

The June 5% - 25% exceedance flows from Table 18 in the NMFS RPA increase rapidly from
the 30% exceedance. Due to the unnatural curve of this increase and the significance of
determining when flows above the 30% exceedance should occur, the timing of these higher
flows will be determined through further discussions with representatives from Reclamation, the
Service, NMFS and other key stakeholders. This team will determine when flows at or above the
25% exceedance would be warranted.

Variable Base Flow Modeling Procedure: October through February Time Period

For the October through February time period, the base flows will be equal to the 95%
exceedence flows from Table 18 of the NMFS RPA. This time period includes the use of the
18.6 TAF of available water as required in RPA A.lof the 2010 NMFS BO/Incidental Take
Statement for flow variability. The recommended use of this volume will be determined by the
flow variability technical team.
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Irrigation Demand

Annual irrigation demand and its monthly distribution are based on amount of precipitation
experienced in specified months prior to the irrigation season (as shown in Table 4). These
precipitation/annual demand relationships are shown below in Table 4. However, irrigation
deliveries are determined by the actual available water, and can be lower than the demand.

When determining the amount of water that is expected to be available for the irrigation season,
the planning model considers the water necessary to meet the 95% exceedence flows from Table
18 in NMFS’ RPA and the end-of-September storage corresponding to the minimum Upper
Klamath Lake elevation from the 2008 Service BO.

If the amount of water available to irrigation is less than the expected full irrigation demand, then
the deliveries are reduced through the application of a “delivery factor” — a value between 0.0
and 1.0. A target delivery is calculated as the product of the delivery factor and the demand,
allowing the target delivery to match the expected available water. The delivery factor
calculation is updated each month. For example, in April, the delivery factor is calculated based
on the April through September forecast, the 95% exceedence flows for April through
September, and the minimum UKL elevation for September. In June, the calculation would
change to be based on the expected June through September inflow forecast, the 95%
exceedence flows for June through September, and the minimum UKL elevation for September.

If the timing of any time-step’s water supply cannot meet the target delivery that is calculated
from the seasonal delivery factor and the demand, a shortage to the demand will result. For
example, if the inflow forecast was high, but April began with a UKL elevation at or below the
BO minimum, the model could calculate a delivery factor of 1.0, or 100%, for April through
September but would create a project shortage in April until the UKL elevation was above the
minimum elevation.

Table 4: Agriculture and Refuge Demands

i Apr-Mar | Apr-Mar i Apr-Mar I

Fep _Ma_r Area Al Refuge O(.:t -Jar] Area A2

Precipitation Precipitation
. Demand Demand . Demand

(inches) (TAF) (TAF) (inches) (TAF)
0.00 - 1.999 340 30 0.00 - 3.99 105
2.00 - 2.749 310 25 4.00 - 6.99 95
2.75 - 3.299 300 20 7.00 - 9.99 90

>=3.3 275 15 >=10.0 80
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Conclusion

The VBF procedure attempts to meet the 2010 NMFS RPA exceedence Table 18 values by first
calculating a base flow for each month, then releasing additional river flows (up to the maximum
flow) based on meeting and/or exceeding UKL Threshold Elevations. The expected available
water for irrigation for each month is based on expected inflows, Iron Gate Dam flows, and
minimum UKL elevations. The VBF procedure also incorporates operational controls to address
flood control realities on UKL. Lastly, any differences, by exceedence, between Table 18 and
the modeled flows under the VBF procedure may be further reduced or eliminated through real-
time operations that cannot be analyzed in a long-term planning model. Detailed modeling
results are included in Appendix A. All modeling used to create these results was completed
using the Water Resources Integrated Modeling System (WRIMS) modeling software. This
model used the same inflow and project demand assumptions as previous WRIMS models for the
Klamath Basin.

Appendix B contains a “Clarification of Uncommon Terms Used™” in this document.
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Exceedence Summaries July 29, 2011

Iron Gate Flow in Cubic-Feet-Per-Second (cfs)

VBF

61-09 Exceedence

Oct Nov Dec Jan Feb Mar 1-15 | Mar 16-31 | Apr 1-15 | Apr 16-30| May 1-15 | May 16-31 | Jun 1-15 | Jun 16-30 | Jul 1-15 [ Jul 16-31 Aug Sep

95%] 1000 1300 1410 1280 1300 1338 1296 1325 1325 1175 1187 1077 1077 829 830 945 1000
90%] 1000 1300 1410 1280 1300 1386 1366 1325 1343 1264 1264 1121 1121 848 849 948 1000
85%] 1000 1300 1410 1280 1300 1665 1452 1403 1443 1374 1336 1178 1178 874 874 952 1000
80%] 1000 1300 1410 1280 1300 2172 2035 1467 1500 1506 1507 1247 1247 906 906 957 1000
75%] 1000 1300 1410 1280 1300 2321 2199 1500 1500 1630 1652 1322 1322 927 925 965 1003
70%] 1000 1300 1410 1280 1300 2839 2327 1500 1734 1711 1823 1378 1378 946 944 971 1007
65%] 1000 1300 1410 1280 1679 2986 2480 1705 2073 2144 1930 1442 1442 975 974 985 1012
60%] 1000 1300 1410 1285 2029 3061 2562 1829 2454 2266 1991 1515 1515 1020 1019 1006 1022
55%] 1000 1300 1410 1505 2501 3217 2773 2353 2640 2309 2100 1533 1533 1032 1032 1012 1026
50%] 1000 1300 1410 1804 2658 3469 2957 2695 3150 2636 2379 1548 1548 1034 1036 1014 1029
45%] 1000 1300 1410 2129 2792 3575 3074 2991 3496 2982 2522 1579 1572 1041 1042 1017 1034
40%] 1000 1300 1410 2364 3296 3637 3157 3335 3764 3225 2901 1608 1593 1044 1045 1020 1039
35%] 1000 1300 1902 2801 3567 3896 3555 3550 3930 3225 3225 1660 1621 1054 1052 1026 1045
30%] 1000 1300 2196 3008 3802 3940 3850 3899 4219 3225 3225 1692 1651 1066 1058 1029 1051
25%] 1000 1300 2605 3056 3936 3977 4926 4289 4761 3349 3349 1726 1672 1077 1063 1031 1057
20%] 1000 1358 2922 3235 4290 4160 5658 4636 5259 3495 3494 2524 1690 1086 1070 1035 1061
15%] 1000 1593 3032 3643 4886 4401 5921 5385 5385 3753 3754 2751 1714 1428 1073 1036 1065
10%| 1000 1900 3069 4822 5646 5034 6595 5850 5943 3913 3913 3512 1735 1932 1077 1038 1067
5%| 1000 2920 3917 6379 7364 5750 7311 6399 6599 4261 4261 3778 1917 2167 1082 1041 1071

Upper Klamath Lake (UKL) Elevations in Feet (ft)

VBF

61-09 Exceedence

Oct Nov Dec Jan Feb Mar 1-15 | Mar 16-31 | Apr 1-15 | Apr 16-30| May 1-15 | May 16-31 | Jun 1-15 | Jun 16-30 | Jul 1-15 [ Jul 16-31 Aug Sep

95%] 4137.95 | 4138.32 | 4138.73 | 4139.57 | 4140.06 4140.66 4141.34 | 4141.40 | 4141.46 | 4141.60 4141.64 4141.06 4140.53 4140.10 | 4139.41 | 4138.42 | 4137.93
90%] 4138.16 | 4138.45 | 4139.17 | 4140.11 [ 4141.08 4141.33 4141.78 4142.17 4142.28 4141.99 4141.80 4141.27 4140.67 4140.10 | 4139.50 | 4138.49 | 4137.94
85%] 4138.30 | 4139.02 | 4139.56 | 4140.47 | 4141.22 4141.78 4142.20 4142.34 | 4142.44 | 4142.20 4141.98 4141.47 4140.83 4140.22 | 4139.56 | 4138.55 | 4138.05
80%] 4138.40 | 4139.38 | 4140.10 | 4140.77 | 4141.49 4142.12 4142.42 4142.53 4142.54 4142.32 4142.20 4141.65 4141.15 4140.50 | 4139.76 | 4138.66 | 4138.24
75%] 4138.63 | 4139.43 | 4140.43 | 4141.20| 4141.93 4142.53 4142.64 | 4142.66 | 4142.60 | 414257 4142.27 4141.73 4141.17 4140.57 | 4139.83 | 4138.78 | 4138.30
70%] 4138.82 | 4139.63 | 4140.60 | 4141.65 4142.39 4142.60 4142.78 4142.86 4142.81 4142.60 4142.28 4141.80 4141.28 4140.67 | 4140.03 | 4138.93 | 4138.38
65%] 4138.89 | 4139.73 | 4140.72 | 4141.78 | 4142.60 4142.60 4142.85 4142.87 | 4142.84 | 4142.60 4142.37 4141.83 4141.38 4140.79 | 4140.13 | 4139.04 | 4138.66
60%] 4139.33 | 4139.83 | 4141.07 | 4142.04 | 4142.60 4142.60 4142.88 4142.92 4142.90 4142.60 4142.40 4141.91 4141.40 4140.86 | 4140.26 | 4139.10 | 4138.76
55%] 4139.65 | 4140.07 | 4141.27 | 4142.30 | 4142.60 4142.60 4142.90 4142.98 | 4142.90 | 4142.60 4142.40 4141.92 4141.44 4140.90 | 4140.28 | 4139.24 | 4139.15
50%] 4139.67 | 4140.24 | 4141.57 | 4142.30 [ 4142.60 4142.60 4142.90 4143.00 4142.90 4142.60 4142.40 4141.94 4141.47 4140.98 | 4140.41 | 4139.52 | 4139.26
45%] 4139.84 | 4140.59 | 4141.58 | 4142.30 | 4142.60 4142.60 4142.90 4143.00 | 4142.90 | 4142.60 4142.40 4141.98 4141.55 4141.05 | 4140.44 | 4139.60 | 4139.39
40%]) 4139.92 | 4140.71 | 4141.72 | 4142.30 [ 4142.60 4142.60 4142.90 4143.00 4142.90 4142.64 4142.40 4142.03 4141.65 4141.11 | 4140.46 | 4139.61 | 4139.53
35%] 4140.01 | 4140.81 | 4142.00 | 4142.30 | 4142.60 4142.60 4142.90 4143.00 | 4142.99 | 4142.68 4142.46 4142.13 4141.77 4141.19 | 4140.64 | 4139.95 | 4139.57
30%] 4140.19 | 4141.04 | 4142.00 | 4142.30 [ 4142.60 4142.67 4142.92 4143.00 4143.10 4142.84 4142.66 4142.31 4141.97 4141.44 | 4140.86 | 4140.18 | 4139.61
25%] 4140.41 | 4141.26 | 4142.00 | 4142.30 | 4142.60 4142.77 4143.06 4143.10 | 4143.10 | 4142.90 4142.71 4142.46 4142.20 4141.70 | 4141.17 | 4140.23 | 4139.87
20%]) 4140.77 | 4141.70 | 4142.00 | 4142.30 [ 4142.60 4143.10 4143.10 4143.10 4143.10 4143.00 414291 4142.50 4142.23 4141.80 | 4141.19 | 4140.32 | 4140.14
15%] 4141.00 | 4141.70 | 4142.00 | 4142.30 | 4142.60 4143.10 4143.10 4143.10 | 4143.10 | 4143.10 4143.10 4142.50 4142.39 4141.80 | 4141.34 | 4140.59 | 4140.38
10%)| 4141.24 | 4141.70 | 4142.00 | 4142.30 | 4142.60 4143.10 4143.10 4143.10 4143.10 4143.10 4143.10 4142.50 4142.48 4141.80 | 4141.42 | 4140.75 | 4140.68
5%]| 4141.65 | 4141.70 | 4142.00 | 4142.30 | 4142.60 4143.10 4143.10 4143.10 4143.10 4143.10 4143.10 4142.50 4142.50 4141.80 | 4141.46 | 4140.87 | 4140.88
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Iron Gate Flow (cfs) by each Time Step

Oct Nov Dec Jan Feb Mar | Mar I Apr | Apr Il May | May I Jun | Jun Il Jul | Jul Il Aug Sep
1961 1000 1300 1416 1614 3001 3220 2343 1773 2398 2266 1915 1518 1518 1024 1023 1008 1022
1962 1000 1300 1410 1280 2465 3215 2510 2741 3550 2441 2089 1515 1515 1020 1019 1006 1022
1963 1177 1300 3083 1793 3930 2913 2035 3139 3764 3225 3225 1378 1378 946 944 971 1007
1964 1000 1300 1410 1453 2029 3150 3150 2878 2878 2378 2379 1660 1660 1064 1063 1031 1054
1965 1000 1300 7059 8198 7350 4355 4356 3335 3335 3054 3010 1724 1724 1077 1079 1040 1067
1966 1000 1585 2334 2151 1918 3497 2905 2342 3270 1959 1959 1581 1581 1042 1043 1018 1036
1967 1000 1300 1410 1469 2807 3596 3357 3029 3029 3390 3390 2524 1684 1086 1070 1035 1060
1968 1000 1300 1410 1280 2611 2958 2081 1500 1500 1602 1604 1378 1378 946 944 971 1007
1969 1000 1300 1410 1285 1665 3757 3673 4484 5330 3710 3711 1726 1726 1078 1080 1040 1067
1970 1000 1300 1410 6441 4736 3940 3941 1779 1779 2205 2062 1549 1549 1034 1036 1014 1029
1971 1000 1300 1996 4445 3559 4300 5861 6641 6641 5197 5197 3848 1975 2292 1072 1036 1063
1972 1000 2996 2855 3038 5505 9350 10911 4327 4327 3390 3390 1676 1676 1068 1068 1034 1058
1973 1000 1576 3055 3001 2640 3061 2183 1500 1500 1685 1685 1453 1453 979 979 987 1013
1974 1000 1300 2652 6193 3680 4541 6102 6958 6958 3495 3494 2688 1690 1260 1071 1035 1061
1975 1000 1358 2465 2593 3471 4126 5687 4636 4636 4263 4263 3569 1711 2165 1075 1037 1065
1976 1000 2694 3029 2748 2746 3511 2730 2232 2484 2284 1991 1593 1593 1044 1045 1020 1039
1977 1000 1300 1410 1280 1300 1731 1283 1361 1361 1225 1224 1071 1071 826 827 945 1000
1978 1000 1300 1410 3569 3296 3940 3760 3646 3930 3225 2760 1540 1540 1033 1033 1013 1027
1979 1000 1300 1410 1280 1300 2259 2311 1500 1689 2286 1935 1251 1251 907 907 957 1000
1980 1000 1300 1410 2242 3924 3603 2725 1829 2454 2262 1911 1331 1331 930 928 966 1004
1981 1000 1300 1410 1280 1300 1357 1359 1451 1451 1348 1348 1184 1184 877 876 952 1000
1982 1000 1300 2922 3015 7959 4789 6350 6048 6048 3615 3616 1708 1708 1612 1074 1037 1064
1983 1000 1812 3371 2959 5788 6504 8065 5839 5839 4254 4254 4142 2269 2571 1082 1250 1071
1984 1000 3612 6166 3867 4290 5279 6840 5490 5490 3905 3904 3463 1643 1832 1059 1029 1288
1985 1844 4675 2924 2061 2383 3886 3008 4178 4803 3013 2379 1660 1660 1064 1063 1031 1054
1986 1000 1300 1410 2364 7369 5851 7412 3688 3688 2887 2535 1575 1575 1041 1042 1017 1035
1987 1000 1300 1410 1816 2677 3440 2562 1500 2016 1506 1507 1319 1319 926 924 965 1003
1988 1000 1300 1410 1280 1683 2766 1889 1417 1417 1303 1301 1142 1142 858 858 950 1000
1989 1000 1300 1410 1280 1300 2995 5658 5350 5350 3225 3225 1617 1617 1051 1051 1025 1044
1990 1000 1300 1410 1280 1300 2172 2388 1467 2092 1626 1275 1095 1095 837 838 947 1000
1991 1000 1300 1410 1280 1300 1275 1275 1325 1325 1383 1383 1218 1218 893 892 955 1000
1992 1000 1300 1410 1280 1300 1275 1275 1325 1325 1175 1175 1025 1025 805 805 942 1000
1993 1000 1300 1410 1280 1300 3011 3011 2650 5259 3225 3225 2741 1631 1367 1055 1027 1047
1994 1000 1300 1410 1280 1300 1468 1469 1325 1325 1175 1175 1159 1159 866 865 951 1000
1995 1000 1300 1410 1280 1300 1907 2900 3429 3930 3225 3225 1546 1546 1034 1035 1014 1029
1996 1000 1300 1410 3468 9330 3940 5497 4111 4111 3225 3225 2355 1566 1039 1040 1016 1033
1997 1000 1300 4099 9431 5336 3637 3157 2386 2561 2831 2480 1608 1608 1048 1049 1023 1042
1998 1000 1300 1410 3062 4061 3990 5116 5039 5039 5428 5428 4466 2593 2168 1057 1028 1049
1999 1000 1988 3043 3235 3938 5446 7007 6516 6516 3922 3922 3561 1744 2032 1082 1059 1071
2000 1000 1619 2058 3166 3591 3925 3094 3518 3930 3225 2901 1531 1531 1031 1031 1011 1025
2001 1000 1300 1410 1280 1300 1332 1335 1325 1325 1175 1175 1025 1025 805 805 942 1000
2002 1000 1300 1410 1280 1300 2247 2247 1325 1500 1639 1641 1412 1412 961 960 979 1009
2003 1000 1300 1410 1280 1300 1400 1399 1500 1500 1414 2133 1247 1247 906 906 957 1000
2004 1000 1300 1410 1280 1300 2508 2510 1500 1500 1736 1736 1499 1499 1000 1000 997 1018
2005 1000 1300 1410 1280 1300 1373 1374 1325 1325 1175 1254 1099 1099 839 840 947 1000
2006 1000 1300 1871 5199 4518 4160 3515 5861 6627 3884 3884 2781 1744 1081 1082 1041 1070
2007 1000 1300 1410 1280 2119 3940 3722 2265 2890 2067 1715 1418 1418 964 963 980 1010
2008 1000 1300 1410 1280 1300 2709 2709 2442 2442 2223 2752 1613 1613 1049 1050 1024 1043
2009 1000 1300 1410 1280 1300 1616 1617 1500 1500 1729 1728 1492 1492 997 997 996 1018
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VBF
Upper Klamath Lake Elevations by each Time Step
Oct Nov Dec Jan Feb Mar | Mar 11 Apr | Apr Il May | May I Jun | Jun Il Jul | Jul 1l Aug Sep
1961 | 4139.98 | 4140.92 | 4142.00 | 4142.30 | 4142.60 | 4142.60 | 4142.90 | 4143.00 | 4142.90 | 4142.60 | 4142.40 | 4142.10 | 4141.79 | 4141.24 | 4140.62 | 4139.89 | 4139.58
1962 | 4140.12 | 4140.79 | 4141.58 | 4142.04 | 4142.60 | 4142.60 | 4142.84 | 4143.00 | 4142.90 | 4142.60 | 4142.40 | 4141.81 | 4141.20 | 4140.52 | 4139.76 | 4138.94 | 4138.42
1963 | 4140.25 | 4141.41 | 4142.00 | 4142.30 | 4142.60 | 4142.60 [ 4142.90 | 4143.00 | 4142.90 | 4142.66 | 4142.41 | 4141.95 | 4141.48 | 4140.99 | 4140.43 | 4139.44 | 4139.14
1964 | 4139.67 | 4140.65 | 4141.32 | 4142.30 | 4142.60 | 4142.51 | 4142.42 | 4142.50 | 4142.59 | 4142.22 | 4141.82 | 4141.50 | 4141.17 | 4140.64 | 4140.07 | 4139.17 | 4138.70
1965 | 4138.91 | 4139.77 | 4142.00 | 4142.30 | 4142.60 | 4142.76 | 4142.93 | 4142.87 | 4142.80 | 4142.60 | 4142.40 | 4141.99 | 4141.57 | 4141.17 | 4140.72 | 4140.28 | 4140.14
1966 | 4140.78 | 4141.70 | 4142.00 | 4142.30 | 4142.60 | 4142.60 | 4142.80 | 4143.00 | 4142.90 | 4142.60 | 4142.28 | 4141.72 | 4141.15 | 4140.59 | 4139.98 | 4138.91 | 4138.67
1967 | 4138.83 | 4139.63 | 4141.07 | 4142.30 | 4142.60 | 4142.60 | 4142.68 | 4142.62 | 4142.57 | 4142.73 | 4142.91 | 4142.50 | 4142.36 | 4141.80 [ 4141.19 | 4140.10 | 4139.55
1968 | 4140.01 | 4140.39 | 4141.00 | 4141.80 | 4142.60 | 4142.60 [ 4142.90 | 4142.65 | 4142.41 | 4142.06 [ 4141.69 | 4141.05 | 4140.50 | 4140.10 [ 4139.40 | 4138.66 | 4138.30
1969 | 4138.60 | 4139.38 | 4140.10 | 4141.68 | 4142.60 | 4142.60 | 4142.63 | 4143.00 | 4143.10 | 4142.86 | 4142.61 | 4142.26 | 4141.91 | 4141.33 | 4140.69 | 4139.60 | 4139.14
1970 | 4139.67 | 4140.22 | 4141.72 | 4142.30 | 4142.60 | 4142.77 | 4142.95 | 4142.89 | 4142.83 | 4142.60 | 4142.40 | 4141.92 | 4141.43 | 4140.88 | 4140.26 | 4138.98 | 4138.63
1971 ] 4139.13 | 4140.79 | 4142.00 | 4142.30 | 4142.60 | 4143.10 | 4143.10 | 4143.10 | 4143.10 | 4143.10 | 4143.10 | 4142.50 | 4142.50 | 4141.80 | 4141.47 | 4140.72 | 4140.89
1972 | 4141.64 | 4141.70 | 4142.00 | 4142.30 | 4142.60 | 4143.10 | 4143.10 | 4143.10 | 4143.10 | 4142.90 | 4142.69 | 4142.36 | 4142.03 | 4141.54 | 4141.01 | 4140.40 | 4140.32
1973 | 4140.96 | 4141.70 | 4142.00 | 4142.30 | 4142.60 | 4142.60 | 4142.90 | 4142.86 | 4142.83 | 4142.56 | 4142.27 | 4141.58 | 4140.86 | 4140.24 | 4139.57 | 4138.43 | 4138.08
1974 | 4138.73 | 4140.71 | 4142.00 | 4142.30 | 4142.60 | 4143.10 | 4143.10 | 4143.10 | 4143.10 | 4143.10 | 4143.10 | 4142.50 | 4142.22 | 4141.80 | 4141.41 | 4140.77 | 4140.57
1975 ] 4141.12 | 4141.70 | 4142.00 | 4142.30 | 4142.60 | 4143.10 [ 4143.10 | 4143.10 | 4143.10 | 4143.10 [ 4143.10 | 4142.50 | 4142.50 | 4141.80 | 4141.43 | 4140.87 | 4140.85
1976 | 4141.65 | 4141.70 | 4142.00 | 4142.30 | 4142.60 | 4142.60 | 4142.87 | 4142.92 | 4142.90 | 4142.60 | 4142.38 | 4141.88 | 4141.37 | 4140.83 | 4140.22 | 4140.23 | 4140.13
1977 | 4140.62 | 4141.28 | 4141.61 | 4141.97 | 4142.47 | 4142.60 | 4142.89 | 4142.67 | 4142.44 | 4142.32 | 4142.20 | 4141.72 | 4141.24 | 4140.56 | 4139.81 | 4138.58 | 4138.24
1978 | 4138.48 | 4139.30 | 4141.56 | 4142.30 | 4142.60 | 4142.72 | 4142.90 | 4143.00 | 4143.01 | 4142.64 | 4142.40 | 4141.94 | 4141.47 | 4140.98 | 4140.44 | 4139.49 | 4139.56
1979 | 4139.78 | 4140.00 | 4140.54 | 4141.50 | 4142.30 | 4142.60 | 4142.90 | 4142.93 | 4142.90 | 4142.60 | 4142.40 | 4141.78 | 4141.15 | 4140.50 | 4139.76 | 4138.76 | 4138.31
1980 | 4138.81 | 4139.69 | 4140.58 | 4142.30 | 4142.60 | 4142.60 [ 4142.90 | 4143.00 | 4142.90 | 4142.60 | 4142.40 | 4141.93 | 4141.46 | 4140.90 | 4140.27 | 4139.10 | 4138.76
1981 | 4138.86 | 4139.38 | 4140.15 | 4140.77 | 4141.83 | 4142.12 | 4142.43 | 4142.53 | 4142.63 | 4142.45 | 4142.26 | 4141.65 | 4141.03 | 4140.40 | 4139.73 | 4138.57 | 4137.95
1982 | 4138.31 | 4139.75 | 4142.00 | 4142.30 | 4142.60 | 4143.10 | 4143.10 | 4143.10 | 4143.10 | 4142.88 | 4142.65 | 4142.46 | 4142.27 | 4141.80 | 4141.48 | 4140.67 | 4140.56
1983 | 4141.16 | 4141.70 | 4142.00 | 4142.30 | 4142.60 | 4143.10 | 4143.10 | 4143.10 | 4143.10 | 4143.10 | 4143.10 | 4142.50 | 4142.50 | 4141.80 | 4141.56 | 4141.00 | 4140.99
1984 | 4141.66 | 4141.70 | 4142.00 | 4142.30 | 4142.60 | 4143.10 [ 4143.10 | 4143.10 | 4143.10 | 4143.10 [ 4143.10 | 4142.50 | 4142.48 | 4141.80 | 4141.33 | 4140.84 | 4141.00
1985 4141.70 | 4141.70 | 4142.00 | 4142.30 | 4142.60 | 4142.60 | 4142.90 | 4143.10 | 4143.10 | 4142.60 | 4142.28 | 4141.84 | 4141.40 | 4140.78 | 4140.09 | 4139.06 | 4139.34
1986 | 4140.01 | 4140.86 | 4141.57 | 4142.30 | 4142.60 | 4143.10 | 4143.10 | 4143.00 | 4142.90 | 4142.60 | 4142.40 | 4142.02 | 4141.63 | 4141.11 | 4140.54 | 4139.61 | 4139.77
1987 | 4140.44 | 4141.17 | 4141.76 | 4142.30 | 4142.60 | 4142.60 | 4142.90 | 4142.98 | 4142.90 | 4142.60 | 4142.27 | 4141.81 | 4141.33 | 4140.89 | 4140.41 | 4139.60 | 4139.22
1988 | 4139.36 | 4139.63 | 4140.75 | 4141.71 | 4142.60 | 4142.60 [ 4142.90 | 4142.87 | 4142.84 | 4142.59 | 4142.33 | 4142.04 | 4141.76 | 4141.07 | 4140.28 | 4139.06 | 4138.34
1989 | 4138.40 | 4139.38 | 4139.87 | 4140.57 | 4141.26 | 4142.60 | 4143.10 | 4143.10 | 4143.10 | 4142.91 | 4142.72 | 4142.24 | 4141.75 | 4141.14 | 4140.45 | 4139.55 | 4139.41
1990 | 4139.85 | 4140.26 | 4140.63 | 4141.61 | 4142.25 | 4142.60 | 4142.90 | 4143.00 | 4142.90 | 4142.60 | 4142.40 | 4142.03 | 4141.65 | 4141.07 | 4140.41 | 4139.58 | 4139.17
1991 ] 4139.33 | 4139.59 | 4139.64 | 4140.18 | 4140.62 | 4141.05 | 4141.49 | 4141.66 | 4141.83 | 4141.90 | 4141.79 | 4141.25 | 4140.71 | 4140.14 | 4139.54 | 4138.47 | 4137.94
1992 | 4137.93 | 4138.35 | 4138.62 | 4138.84 | 4139.13 | 4139.27 | 4139.41 | 4139.45 | 4139.48 | 4139.28 | 4139.06 | 4138.72 | 4138.36 | 4138.23 | 4138.09 | 4137.41 | 4137.04
1993 | 4137.12 | 4137.44 | 4137.83 | 4138.45 | 4139.01 | 4140.53 [ 4142.01 | 4142.97 | 4143.10 | 4143.00 [ 4142.90 | 414250 | 4142.46 | 4141.80 | 4141.19 | 4140.22 | 4139.58
1994 | 4139.92 | 4140.03 | 4140.40 | 4140.85 | 4141.12 | 4141.20 | 4141.29 | 4141.31 | 4141.34 | 4141.35 | 4141.35 | 4141.05 | 4140.54 | 4140.10 | 4139.46 | 4138.50 | 4137.92
1995 | 4137.82 | 4138.13 | 4138.30 | 4139.72 | 4141.08 | 4142.14 | 4142.90 | 4143.00 | 4142.94 | 4142.82 | 4142.68 | 4142.46 | 4142.23 | 4141.79 | 4141.30 | 4140.18 | 4139.53
1996 | 4139.64 | 4139.83 | 4141.58 | 4142.30 | 4142.60 | 4143.10 | 4143.10 | 4143.10 | 4143.10 | 4143.10 | 4143.10 | 4142.50 | 4142.16 | 4141.69 [ 4141.18 | 4140.32 | 4139.91
1997 | 4140.33 | 4141.19 | 4142.00 | 4142.30 | 4142.60 | 4142.60 | 4142.76 | 4142.86 | 4142.90 | 4142.60 | 4142.40 | 4141.94 | 4141.47 | 4140.99 | 4140.46 | 4139.63 | 4139.41
1998 | 4139.88 | 4140.68 | 4141.23 | 4142.30 | 4142.60 | 4143.03 | 4143.10 | 4143.10 | 4143.10 | 4143.10 | 4143.10 | 4142.50 | 4142.50 | 4141.80 | 4141.43 | 4140.57 | 4140.20
1999 | 4140.77 | 4141.70 | 4142.00 | 4142.30 | 4142.60 | 4143.10 | 4143.10 | 4143.10 | 4143.10 | 4143.10 | 4143.10 | 4142.50 | 4142.48 | 4141.80 | 4141.39 | 4141.00 | 4140.78
2000 | 4141.33 | 4141.70 | 4142.00 | 4142.30 | 4142.60 | 4142.60 | 4142.88 | 4143.00 | 4142.98 | 4142.65 | 4142.40 | 4141.91 | 4141.40 | 4140.86 | 4140.27 | 4139.13 | 4139.29
2001 | 4139.67 | 4140.18 | 4140.63 | 4141.10 | 4141.57 | 4141.91 | 4142.27 | 4142.21 | 4142.20 | 4141.92 | 4141.62 | 4141.08 | 4140.53 | 4140.10 | 4139.55 | 4138.52 | 4137.96
2002 | 4138.00 | 4138.50 | 4139.31 | 4140.49 | 4141.30 | 4141.48 | 4141.67 | 4142.12 | 4142.36 | 4142.19 | 4142.00 | 4141.39 | 4140.74 | 4140.10 | 4139.41 | 4138.42 | 4137.94
2003 | 4138.16 | 4138.40 | 4139.05 | 4140.39 | 4141.07 | 4141.47 | 4141.88 | 4142.21 | 4142.54 | 4142.59 | 4142.40 | 4141.91 | 4141.41 | 4140.69 [ 4139.89 | 4138.76 | 4138.26
2004 | 4138.36 | 4138.56 | 4139.23 | 4140.04 | 4141.49 | 4141.88 | 4142.29 | 4142.38 | 4142.48 | 4142.21 | 4141.92 | 4141.28 | 4140.64 | 4140.10 [ 4139.40 | 4138.38 | 4137.92
2005 ) 4138.16 | 4138.31 | 4139.12 | 4139.52 | 4139.87 | 4140.05 | 4140.25 | 4140.42 | 4140.58 | 4141.51 | 4142.11 | 4141.75 | 4141.38 | 4140.79 | 4140.14 | 4138.82 | 4138.13
2006 | 4138.26 | 4139.17 | 4141.26 | 4142.30 | 4142.60 | 4142.62 | 4142.86 | 4143.10 | 4143.10 | 4143.10 | 4143.10 | 4142.50 | 4142.23 | 4141.71 | 4141.12 | 4140.18 | 4139.63
2007 | 4,139.97 | 4,140.64 | 4,141.66 | 4,142.10 | 4,142.60 | 4,142.71 | 4,142.90 | 4,143.00 | 4,142.90 | 4,142.60 | 4,142.40 | 4,141.87 | 4,141.32 | 4,140.77 | 4,140.17 | 4,139.07 | 4,138.51
2008 | 4,139.25 | 4,139.59 | 4,140.01 | 4,140.72 | 4,141.45 | 4,141.87 | 4,142.32 | 4,142.47 | 4,142.62 | 4,142.60 | 4,142.40 | 4,142.15 | 4,141.90 | 4,141.31 | 4,140.65 | 4,139.62 | 4,138.93
2009 | 4,139.08 | 4,139.64 | 4,140.05 | 4,140.73 | 4,141.26 | 4,141.78 | 4,142.31 | 4,142.36 | 4,142.42 | 4,142.36 | 4,142.30 | 4,141.93 | 4,141.55 | 4,140.84 | 4,140.06 | 4,138.91 | 4,138.15
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Clarification of Uncommon Terms Used in the
Klamath Project Revised Water Management Procedure
Variable Base Flow (VBF) Procedure

1. Exceedance Tables

A probability distribution function, commonly called an exceedance function, indicates the probability,
or likelihood, that a variable will be greater than or less than a particular value. Regulatory agencies
have requested to have Klamath basin modeling studies display model results for flows at Iron Gate Dam
and water surface elevations in Upper Klamath Lake (UKL) this way, using separate exceedance
functions for each individual time step through the year. This is intended to help regulatory agencies
and stakeholders to visualize the range of results for a particular scenario and how often, over time, a
flow or lake level target exceeds threshold values in time-steps of concern for various life stages of fish
species.

The historical period of record for Net Inflow to UKL for water years 1985-2009 will be used as an
example. The time series of inflow volumes can be organized in a column of values and a time series
plot. See Figure B1.

The exceedance table, shown in Table B2, was created by sorting the values in each column, ranking the
values from high to low. In the presentation of hydrology analyses, it cannot be stated that a value will
never be exceeded or always be exceeded in the future, so the probabilities are assigned to range
between 1/(n+1) and n/(n+1) where n is the number of items in the sample being sorted. In the
example, we have 25 years of data, so the exceedance probabilities range from 1/26 to 25/26. The data
can be visualized by plotting as in Figure B2, which shows exceedance plots for selected time steps from
TableB2.

An example interpretation of the data is as follows. For the time period that is the first half of March
(“Mar 1”), the highest value in our 25-year period is 161.9, which happened in 1986. It cannot be said
that this value will never be exceeded, but it is not exceeded in our period of record, so it is assigned a
low exceedance percentile of 1/26, or 3.8%. The lowest value in our 25-year period is 36.1, which
happened in 1992. Again, we cannot say that there will never be a value lower than this, but there is no
lower value in our period of record. The exceedance is determined as 25/26, or 96.2%.

An awareness of the following will help in using exceedance information in an appropriate manner.

e One cannot “read across a row” of an exceedance table as if it were a sequence. In other words, the
values in the exceedance table for, say, the 50% row did not all happen in the same year. (ltis
important to note that the exceedance value is not an exceedance for a particular year, but rather
for that particular time-step. In this case, the time-step is monthly or bi-monthly.) The March values
are from 1997, April from 2007, May from 2009, June from 2005, July from 1993, August from 2007,
and September from 1993, as highlighted in yellow in Table Al. This is especially the case for
hydrology elements which are influenced by probabilistic weather events.
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e When the period of record being analyzed is changed — more years or fewer years are considered,
the exceedances associated with a particular value will necessarily change as well. For example,
Table A2 has a 50% March | value of 79.0 TAF for the period of record of 1989-2009, but when
considering the longer 1961-2009 period for UKL Inflows typically used in Klamath Basin modeling,
the same March | value of 79.0 TAF has an exceedance of 52% instead. This can be an important
type of distinction, depending on how the information is being used.

Net UKL
Inflow (taf)
1985 Oct 126.2
Nov 201.9 Net Inflow to UKL (taf)
Dec 152.8
Jan 127.2 450.0
Feb 119.6 4000
Mar 1-15 80.7
Mar 16-31 86.0 350.0
Apr 1-15 124.3
Apr16-30  124.3 3000
May 1-15 57.9 250.0
May 16-31 61.7
Jun 1-15 38.7 2000
Jun1630 387 150.0 2 |
Jul 1-15 17.4
Jul 16-31 18.6 100.0 -
Aug 22.2
Sep 91.3 500 1
1986 Oct 95.6 00 +—1r—-m7o-—1-tb—H4r—"rarr0— -
Nov 119.0 N O KN © O O 4 &N ;N & 1 © NN O O O 4 &N M & 1 © N~ O O
0 00 00 W 0 O OO O OO O OO OO O OO OO O O O ©O O O ©O O o o
Dec 115.4 2232322223332 22333I 333333882
Jan 165.3
Feb 303.1
Mar 1-15 161.9
Mar 16-31 172.7
Apr 1-15 87.4
Apr 16-30 87.4
May 1-15 64.8
May 16-31 69.1
Jun 1-15 35.9
Jun 16-30 35.9
Jul 1-15 15.8
Jul 16-31 16.9
Aug 37.2

Figure B1: A column of values can be plotted as a time series, showing the sequence of values over time.
Only a portion of the time series is shown in column form, while the entire series is shown in the same
time plot. Values are often presented in a table with annual rows and monthly columns, as shown for
March through September in Table B1. This allows for easy annual and monthly computations.
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Table B1 — Net Inflows to UKL in thousand-acre-feet (TAF) for March through September (Highlighted
values represent a 50% exceedance.)

wy Mar | Mar Il Aprl Aprll May | May Il Junl Junll Jull Julll Aug Sep
1985 80.7 86.0 124.3 124.3 57.9 61.7 38.7 38.7 17.4 18.6 22.2 91.3
1986 161.9 172.7 87.4 87.4 64.8 69.1 35.9 35.9 15.8 16.9 37.2 82.8
1987 80.5 85.9 54.4 544 39.2 41.9 26.4 26.4 22.4 23.9 30.0 48.7
1988 59.7 63.6 46.7 46.7 32.8 34.9 37.6 37.6 3.8 4.0 16.5 34.8
1989 146.4 156.1 125.1 125.1 76.3 81.4 28.0 28.0 7.9 8.4 37.6 58.4
1990 64.5 68.8 50.5 50.5 35.3 37.6 21.5 21.5 8.6 9.2 32.1 453
1991 50.5 53.9 39.1 39.1 36.4 38.9 16.1 16.1 8.1 8.6 14.7 30.9
1992 36.1 38.5 33.7 33.7 13.6 14.5 1.0 1.0 121 12.9 9.2 27.7
1993 139.9 149.3 134.0 134.0 89.3 95.3 61.6 61.6 13.3 14.2 33.0 42.1
1994 39.0 41.6 34.8 34.8 23.9 25.5 13.2 13.2 0.4 0.4 17.5 29.2
1995 98.7 105.3 84.1 84.1 82.6 88.1 44.5 44.5 20.4 21.8 16.6 35.9
1996 110.0 117.3 95.9 95.9 94.7 101.0 37.0 37.0 15.2 16.2 34.6 59.5
1997 79.0 84.2 84.1 84.1 64.2 68.5 30.1 30.1 18.7 20.0 38.9 60.6
1998 106.9 114.0 91.5 91.5 124.0 132.3 76.8 76.8 27.5 29.3 39.3 54.1
1999 113.5 121.1 134.1 134.1 109.7 117.0 65.8 65.8 24.9 26.5 64.5 63.2
2000 88.9 94.8 101.2 101.2 71.0 75.7 36.0 36.0 18.1 19.3 25.7 59.8
2001 54.4 58.0 41.4 41.4 28.6 30.5 115 11.5 9.7 10.3 21.8 34.9
2002 60.6 64.7 63.1 63.1 47.8 51.0 20.9 20.9 10.5 11.2 18.3 34.5
2003 57.0 60.8 64.4 64.4 54.7 58.3 23.8 23.8 10.2 10.9 17.3 45.4
2004 74.4 79.4 53.3 53.3 44.4 47.3 17.9 17.9 9.4 10.1 21.4 38.6
2005 39.9 42.5 37.7 37.7 85.9 91.6 31.0 31.0 9.2 9.8 13.0 34.3
2006 81.2 86.6 145.5 145.5 118.8 126.7 60.0 60.0 22.2 23.7 30.6 42.6
2007 86.8 92.6 66.2 66.2 46.4 49.5 28.7 28.7 16.7 17.8 22.7 35.5
2008 67.3 71.7 83.6 83.6 65.9 70.3 47.8 47.8 13.6 14.5 28.1 35.5
2009 64.8 69.2 47.1 47.1 59.2 63.1 33.4 33.4 9.5 10.1 17.3 34.9
Table B2 — Exceedance table based on the columns in Table Al.

Mar | Mar Il Aprl Apr ll May | May Il Junl Junll Jull Julll Aug Sep
3.8% 161.9 172.7 145.5 145.5 124.0 132.3 76.8 76.8 27.5 29.3 64.5 91.3
7.7% 146.4 156.1 134.1 134.1 118.8 126.7 65.8 65.8 24.9 26.5 39.3 82.8
11.5% 139.9 149.3 134.0 134.0 109.7 117.0 61.6 61.6 22.4 23.9 38.9 63.2
15.4% 113.5 121.1 125.1 125.1 94.7 101.0 60.0 60.0 22.2 23.7 37.6 60.6
19.2% 110.0 117.3 124.3 124.3 89.3 95.3 47.8 47.8 204 21.8 37.2 59.8
23.1% 106.9 114.0 101.2 101.2 85.9 91.6 44.5 44.5 18.7 20.0 34.6 59.5
26.9% 98.7 105.3 95.9 95.9 82.6 88.1 38.7 38.7 18.1 19.3 33.0 58.4
30.8% 88.9 94.8 91.5 91.5 76.3 81.4 37.6 37.6 17.4 18.6 32.1 54.1
34.6% 86.8 92.6 87.4 87.4 71.0 75.7 37.0 37.0 16.7 17.8 30.6 48.7
38.5% 81.2 86.6 84.1 84.1 65.9 70.3 36.0 36.0 15.8 16.9 30.0 45.4
42.3% 80.7 86.0 84.1 84.1 64.8 69.1 35.9 35.9 15.2 16.2 28.1 45.3
46.2% 80.5 85.9 83.6 83.6 64.2 68.5 334 334 13.6 14.5 25.7 42.6
50.0% 79.0 84.2 66.2 66.2 59.2 63.1 31.0 31.0 13.3 14.2 22.7 42.1
53.8% 74.4 79.4 64.4 64.4 57.9 61.7 30.1 30.1 12.1 12.9 22.2 38.6
57.7% 67.3 71.7 63.1 63.1 54.7 58.3 28.7 28.7 10.5 11.2 21.8 35.9
61.5% 64.8 69.2 54.4 54.4 47.8 51.0 28.0 28.0 10.2 10.9 21.4 35.5
65.4% 64.5 68.8 53.3 53.3 46.4 49.5 26.4 26.4 9.7 10.3 18.3 35.5
69.2% 60.6 64.7 50.5 50.5 44.4 47.3 23.8 23.8 9.5 10.1 17.5 34.9
73.1% 59.7 63.6 47.1 47.1 39.2 419 21.5 21.5 9.4 10.1 1